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LO W PROFILE ACOUSTIC SENSOR ARRAY AND SENSORS WITH PLEATED TRANSMISSION LINES AND 
RELATED METHODS 

Fie-ld of the Invention 
The present invention relates generally to disposable acoustic sensors for 

particularly useful for non-invasive digital acoustic cardiography, phonography, 
5 and acoustic spectral analysis applications. 

p^ prrMind of the Invention 
Recently, acoustic sensors have been used for the non-invasive detection of 
coronary artery disease. See co-assigned and co-pending U.S. Patent Application 
10 SerialNo. 09/188,510 entitled "Non-Invasive Turbulent Blood Flow Imaging 

Systen, " the contents of which are hereby incorporated by reference as if recited » 

chest (i e. , contacting me external epidermal surface or skin) to generate an 
electrical signal in response to a detected acoustic wave. The detected acoustic 
15 wavesignalsareprocessedtoidentifyfeatoresuratindicatemeconditionofa 

patient's coronary arteries, specifically the presence or absence of lesions that hunt 
the flow of blood through the coronaries. An essential* uniform display indicates 
normal blood flow, while a non-uniform display may indicate abnormal (turbulent) 
blood flow and/or the presence of an occlusion. 
20 In the above-described non-invasive systems, the acoustic sensors are 

positioned over tire chest cavity in an acoustic window as described in co-pendmg 
and co-assigneo U.S. Patent Application Serial No. 09/188,434 entitled, "Acoustic 
Ser^orArrayForNon-^eDe.ecnonofCoronoryAr.eryHear.measer^ 
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contents of which are hereby incorporated by reference as if recited in full herein. 
In position, the sensors are preferably configured over the intercostal space so as to 
reliably generate data signals corresponding to the blood flow of the patient during 
each phase of the cardiac cycle. The acoustic sensor is preferably designed to 
5 sense the flexing of a patient' s external epidermal surface (skin) that is a result of 

the localized nature of the internal heart sounds. The sensor is also preferably easy 
to position on a patient and inexpensive such that it can be a single use device, 
which is disposable after use. In operation, the sensor is preferably configured to 
be conformal to the chest configuration of a patient (which varies patient to patient) 
10 and is also preferably configured to generate the electrical signal based on the 

flexure of the skin. Unfortunately, poor correlation of signals from improper 
sensor positioning, array geometry, and/or sensor configurations can adversely 
affect the reliability and/or correlation of the detected acoustic signal. Indeed, one 
potentially problematic sensor characteristic is that it can generate signals which 
15 are not representative of the interested acoustic wave associated with the blood 

flow of a patient, i.e., it can be responsive to extraneous acoustic waves and noise. 

Conventional acoustic sensors can have poor signal to noise ratio (SNR) in 
that they can be unduly sensitive to environmental noise (typically requiring a 
special, quiet room be used for acoustic applications) or can suffer from low 
20 sensitivity relative to its electrical floor. Other sensors have other performance 

deficiencies such as inadequate sensitivity. In addition, many sensors are relatively 
complex configurations which can make them expensive to produce and difficult to 
apply clinically. 

An example of a conventional disposable acoustic pad sensor is illustrated 
25 in U.S. Patent Application Serial No. 08/802,593. The sensor includes a plurality 

of layers of various materials connected at one end to a substantially rigid 
electrostatic shield and electrical connector. Another example of an acoustic 
sensor is shown in U.S. Patent Application Serial No. 09/136,933. This sensor is a 
flexible thin-film sensor which includes a foot portion and a two-piece 
30 piezoelectric film support. Still other examples of acoustic sensors are described in 

U.S. Patents 5,365,937, and 5,807,268. These sensors employ an air gap and a 
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^^ch^to^tch^hCdapo,^ film in— However the. 
^nsaneed to provide improved sensors for the efficient and unproved passrve 
detection of heart and blood-flow acoustics. 

^u,.^ and Sumi—T Invention 
It U therefore an object of the present invention to provide an improved low 
profile sensor which is configured to be substantially conform^ a patient's 
external epidermal surface. 

I, is an additional object of the present invention to provide approved 
sensor which provides a high signal to noise ratio for the acoustic energy of 

interest. , , 

It is another object of the invention to provide an improved dvsposable 

,hc undoing epidermal surface when positioned on a patient and winch are 
proximately positioned one sensor to the next in a manner which allows an 
increasednumber of sensor elements within an acoustic region of interest and 
which positions the individual sensor elements such that they are separate* 
responsive to preferred acoustic wave lengths. 

lt is an additional object of tire invention to provide a sensor array whrch 
reduces the potential for undesired signal crossover along the separate electneal 
paths for the sensor elements. 

,t is yet another object of the invention to provide a transmrssron path for 
each of the individual sensors in a sensor array in a manner which reduces 
me chanical and electrical crossover between the sensors and/or external 
mechanical input into the sensor signal path. 

It is another object of the invention to provide an improved method and 
device to install and align discrete sensor elements onto a subject. 

These and other object of the present invention are provided by a low 
profile acoustic sensory array which acts asamechamcal filter to minimize the 
sensor's signal activation or response to extraneous and/or undesired acousuc 
wavelengths or non-relevant acoustic wave components. Such a device ,s 
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selectively responsive to short wavelengths that cause flexure through the thickness 
of the sensor, while resistant to longer acoustic wavelengths. The longer 
wavelengths are typically associated with compression waves in the body or m 
ambient noise within the examining room, and which can cause compression 
through the thickness of the sensor. In operation, due to the differences in the 
speed of the waves over a frequency band, shear waves typically have much shorter 
wavelengths than the wavelengths associated with compression waves. Stated 
differently, the sensor of the present invention is responsive to the flexural mode of 
displacement created by short wavelengths of shear waves, and substantially non- 
„ responsive to acoustic inputs of the much longer compression wavelengths. 

Thus, one embodiment of the present invention provides a low profile 
flexural responsive sensor array which is sized and configured to substantially 
reject compression energy while responding to shear energy in the frequency range 
of interest. The sensor array includes a plurality of proximately positioned sensor 
elements. Preferably the sensor elements include two active surfaces, each of 
which lies on opposite sides ofaneutraUayer.such that the sumofthe two layers 
produces a signal responsive to the flexure or change in curvature of the underlymg 
surface since, in operation, they are displaced from the neutral axis of the structure 

More particularly, a first aspect of the invention is directed toward a low 
profile acoustic sensor array. The array includes a plurality of longitudinaUy 
extending sensor strips. Each of the sensor strips comprises a sensor frame havmg 
at least one longitudinally extending rail having a length. The sensor strips also 
include a plurality of acoustic sensor elements attached to the at least one rati. The 
sensor element has a pliable configuration. The strips also include a plurahty of 
separate electrical signal paths, at leas, one (and in a preferred embodiment, two 
spatially separate and opposing pate) for each of the sensor elements. The 
electrical signal paths define a signal path from a respective one of each of the 
sensor elements to a desired end electrical termination point. 

Preferably, the sensor array signal path is configured such that each sensor 
element includes first and second PVDF film layers and an intermediate neutral 
core each PVDF film layer has an associated internal PVDF film surface (defining 
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around surfaces (forming the ground plane). 

^ L,^— en^e^eisconf^eawi^tan second 

P.efemb.y.e.ohof.he^psisaunitarybodyaionga^orpomonof.ts.ength, 

andthesensordementsarelinearlyaligned^ong^smp. 

Anotheraspectof^presen.inventionisdirec.edtowardan^dua! 

During operation, and inresponseto flexure of said sense, — the 
raldsecondeLcai^gene^res^cUve^andsecondvo^esand 

« the first and second voltages have opposing polarrty. 

30 ^epennitnvn, As such, the resuiting capacitance orthe core nra^ such 
.hatitisahoutanorderofmagnirudeless^anthePVDF. Inapreferred 
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^en^eco.issizedtohavea^^ess^mePVDF^, 

^ted by the equation^); «h-fo re ,«he core ispreferaWy configured to have 
a capacitance which is less than .hat of the PVDF layers. As such, the sensor 
f ac,orof«w„(bec.usethecoreiscor^ g ured,obethicker to «hePVDr). 

An additional aspectofthe present invention is sirmlar to me multiple stnp 
array but is directed toward a singie acoustic strip sensor array, tire single stnp 
^yconrpnsesasensorn^ehavingaframelengthwiftatleastone 

10 longitudinailyextendingrai, The strip also includes a plurahty of sensor elemen* 
atledtotherail. The sensor Center, has a pliable configuration. The stnp also 

of the sensor elements. The firs, and second electrical signal paths define a firs. 

and second signal transmission pautfiorn a respective one of each of ute sensor 
15 dementstoadesiredendeiecmcal—tionpoint. Preferably, the acoustic smp 

^defmesasubstantial.yplanar profile along at least the frame when vewed 
form the side, to a preferred embodiment, the frame and sensor elements are s,zed 
andconfiguredtdurmgoperationandmpositiononapatienfltoflexmresponseto 

associa^witirthelongcompressionalwaves). Preferably, me size of me acoustic 
^psensorelementsaresuchas.oaHowin.rcosmlplacemen.onme subject. In 
particular, each sensor element is sized and configured with dimensions of from 
aboutSmmtoaboutllmminlengthand width may be suitable, however, other 
25 sizesmayalsobeutilized. Itisa.se preferred that the first and second electncal 

signal paths are positioned to face each outer on opposing sides of the core. In an 
alternative preferred embodiment, a discrete mass or stiffener is positioned to 
overlay each of the sensor elements. 

Another aspect of the present invention is directed toward an acoustic 
30 coronary artery detection memod employing the differential signal output 

associated with a flexed sensor as described above. 
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Yet another aspect of the present invention is directed toward a method for 
fabricating a strip senso, The method includes the steps of forming a unitary body 
strip sensor foundation layer and forming a series of proximately positioned non- 
contacting pads and a frame segment into the foundation layer. Two separate 
opposing PVDF layers are positioned on opposing major surfaces of the foundatton 
layer The PVDF layers include two major surfaces and an electrical signal path 
formed on one surface and a ground path formed on the other. The method also 
includes the step of orienting the PVDF layers such that the electrical signal pants 
of each of me PVDF layers faces the foundation layer. Preferably, a senes of 
, corresponding tat electrically separate externa, traces are disposed onto the major 

surfaces of the PVDF layers. 

Preferably, the PVDF layers are selectively "actively" polarized about the 
sensor pad regions and substantially non-activated about the longitudinally 
extending sides orrails. Optionally, predetermined portions of the longitudinally 
extending sides can be heated to depolarize selective areas of the longitudmally 
extending sides or rail, In a preferred embodiment, a conductive outer ground 
plane is formed over the PVDF material such as by depositing a conducts 
material layer or forming metallized mylar over the top and bottom of the PVDF 
material surfaces (the surfaces feeing away from the core). 
20 An additional aspect of the present invention is directed to an accordion- 

pleated discrete or unitized element sensor array. More particularly, tins aspect ,s 
directed to an acoustic sensor array which comprises a plurality of unitary acousnc 
sensor elements and a plurality of transmission lines having opposing first and 
seconders and definingalengmmerebetween.a^^ 
25 for each of the plurality of unitary acoustic sensors. The first end of the 

transmission line is individually attached to one of the acoustic sensor elements. 
Each of me transmission lines is configured with a series of undulations along tts 
length In a preferred embodiment, the undulations are a series of continuous 
pleated segments. 

30 Another embodiment of the present invention is directed to an acoustic 

sensor. The acoustic sensor comprises a sensor element and a transmission hne. 
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The sensor clement comprises a resilient core layer comprising a low pennittivity 
material having a core thickness and a first pliable material layer sized and 
configuredtosandvvichandoverlaythecorelayer. Tne first material layer 
comprises a piezoelectricaUy active material having opposing first and second 
major surfaces. First and second electrical traces are disposed on the first major 
surface of the first pliable material layer. The firs, pliable layer and associated 
Centrical traces define a respective first and second electrode such that when » 
position over the core, the firs, electrode has an opposite polarity relative to the 
second electrode. Preferably, the sensor element also includes an extenor 
conductive shieldlayer sized and configured to overlay the secondmajor surface of 
the first material layer. , 

The sensor additionally includes a linear transmission line attached to the 
sensor element The linear transmission ,ine includes first and second ends and 
longitudinally extends therebetween. The transmission line comprises a first 
phable material layer extending from the first end to the second end of the hnear 
transmission line. The first pliable layer has opposing first and secondmajor 
surfaces and comprisesapiezoelectricaily active materia,. The transmis sionhne 

also includes first, second, and third electa! traces disposed on the firs, phable 

la yer electrical traces. The first and second electrical traces are disposed on the 
first major surface and the thkd electrical trace is disposed on the second major 
surface. The— ssion line also includes first and second layers ofanon- 
conductingfilm configured and sized to overlay a major portion of the firs, and 
second major surfaces ofthe firs, pliab.e material layer. The transmission hne 
additionally includes a first linear outer layer conductive strip configured and srzed 
,o overlay a major portion of me firs, non-conducting film layer opposing the first 
major surface of me firs, pliable material layer andasecond linear outer layer 

conductive strip configured and sized to overlay a major portion of the second non- 
conducting turn layer opposing the second major surface ofthe firs, pliable 
material layer. The firs, pliable material layer of the transmission line and me 
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serial layer provides an electrical ground operably associated with the first and 
second conductive outer layers of the sensor. In a preferred embodiment, the 
rustic sensor transmission Hne is configured with a series of unduiations along 
its length. 

5 Yet another aspect of the present invention is an acoustic sensor array, 

comprising a plurahty of sensor elements having first and second outer surfaces. 
^ first outer surface is configured to attach to a subject. The sensor array also 
indudes a carrier member release-ably attached to the second outer surface of each 
of the plurality of sensor elements to hold the plurality of sensors in alignment. In 
10 operation, the carrier member is disengaged from the sensor elements after the 
sensor elements are attached to the subjeet In one embodiment, the sensor 
elements are a set of discrete (structurally separate) sensor elements and the earner 
member maintains positional alignment of the sensor elements for easter 
positioning onto a subject Advantageously, the carrier member can also be used 

flexural element configurations (such as the strip sensor embodiment desenbed 

herein). 

An additional aspect of the present invention is directed to a method of 
minimizing the mechanical interference between one or more of adjacent sensors 
20 andmeendofthetransmissionline. For example, the method can mimnuze 
interference between adjacent sensors and system or environment mechantcal 
forces which potentially can be input to the sensor by mechanically isolating 
flexure responsive acoustic sensor elements in arrays having a plurality of sensor 
elements. The method comprises tie step of forming a series of undulations » a 
25 ^^^^^oV^^^^^. Preferably, 
the acoustic sensor array includes a plurality of sensor elements and a separate 
electrical transmission path for eachof said sensor elements and the method further 
comprises the step of forming the sensor array such that the plurahty of sensor 
elements and associated sensor electrical transmission paths are physically separate 
30 units. 

Another aspect of the present invention is a metttod of fornung an acoustic 
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configuring a first unitary layer of PVDF film having firs, and second opposmg 
major surfaces with a laterally extending region having a first width and a 
iongitudinally extending region having a second width. Electrical traces are 
s formed onto the firs, major surfaces of the PVDF layer. The sensor electnca, 

opposing po.arity. Electrical traces are formed onto the longitudinal* ex.end.ng 
re gio» of the first and second major surfaces of the PVDF layer «, define three 

0 electricalpams. The firs, and second paths are formed on one major surface to 

providetheelectiical signal path for the first and second eiectrode regions, and the 
thirdpau.isformedonu.eopposingmajorsurfaceofu.ePVDFlayerandis 
eonfiguredvviutaprimary fmger portion. Aresilient core is — ontoasurface 
of one of the electrode regions and non-conducting film is positioned to overlay 

15 substantial .he entire lengtit of bo* major surfaces of me longitudinally 

overlay me non-conducting film on me side opposing me first major surface of the 
PVDF film The first electrical shield includes a conductive secondary finger 
portion. A second electric shield layer is provided. The second shield .ayer ,s 
configured and sized .o mirror me PVDF film shape and is positioned to overlay 
the second major surface of the PVDF film in the laterally extending electrode 
reg ion and to overlay and contact the non-conducting film in me longitudinally 
extending region. The laterally extending region of the PVDF film is folded ove | 

other with the core is positioned intermediate thereof. The primary finger of *e 
ground strip is folded over to provide a terminal connection for the ground. The 
shie!d material thereby provides a subsmntially continuous electric shield for the 
externally exposed sensor body. Preferabiy, the method also comprises the step of 
forming undulations a 1 ong a portion of the lengm of the longitudinally extendmg 

30 region. .. „ 

Each of the sensors or sensor array embodiments of the present mvenhon 
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oncnr Pre ferablY, the discrete masses or softeners are P 

alienment means for the convenient operation of the detecfon 

q i^.— to ^^T" 

========= 

^jr^ewithlh— y constant and Wo** and is advantaseousiv 

sensor Cements to be positioned on a patient in the ^ rf "T* 

Aiternativeiy.mems^tinventionconftguresasenesofai.gnedbut 

discrete— a. — sensors with corresponding separate,— » 
• » ,00 1000Hz) Inapreferredembodiment.thetransnnss.on 

-, ^ri^r- 

30 tinhihit— ofundesiredmechanicaiforcesinmesvstemo^— 
environment. Mso advantageous*, a detachabie carrier member can he used 
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.ntoi.nize the installation or site preparation time needed by an operator to position 
multiple sensors onto a patient. 

Rrief Description of the Drawings 
5 Figure 1A is a schematic illustration of a sensor array assembly according 

to one embodiment of the present invention. 

Figure IB is a top view of a low profile strip sensor array according to the 

present invention. 

Figure 2 is a cross-sectional view of the low profile sensor array taken 

10 along lines 2-2 of Figure IB. 

Figure 3 is a cross-sectional view of the low profile sensor taken along 

lines 3-3 array of Figure IB. 

Figure 4 is side view of the sensor shown in Figure IB. 
Figure 5 is an enlarged partial top view of an alternate embodiment of a 
1 5 sensor array according to the present invention. 

Figure 5A is an enlarged partial top view of yet another embodiment of a 
sensor array according to the present invention. 

Figure 6 is a top view of a carrier unit or foundation structure according to 
a preferred embodiment of the present invention. Figure 6 also illustrates heat 
20 applied to predetermined areas of the foundation structure to depolarize regions of 

the PVDF film on the frame. 

Figure 7 is a top view of a silk screen or external signal trace pattern 
according to the present invention. 

Figure 8A is an enlarged top view of a single element sensor illustrating 
25 two electrode surfaces according to an alternate embodiment of the present 

invention. In this figure, the signal return covering the back of the PVDF film has 
been removed for clarity. 

Figure 8B is an enlarged top view of a sensor element shown in Figure IB. 
Figure 9 is a schematic of a partial sectional view of the sensor element 
30 taken along lines 9-9 of Figure 8B. 
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Figure 10 illustrates a preferred array configuration positioned on the 
external skin or epidermal outer layer of a patient according to a preferred 
embodiment of the present invention. 

Figure 11 illustrates a preferred array configuration with multiple strip 
5 array packages positioned in an acoustic window on a patient. 

Figure 12 is a side schematic view of the sensor array shown in Figure 11. 
Figure 13 is an electrical schematic of a sensor element according to a 
preferred embodiment of the present invention. 

Figure 13A schematically illustrates the sensor's voltage differential signal 
! 0 response corresponding to strain on the sensor configured as shown in Figure 13. 

Figures 14a-14c illustrate a preferred embodiment of a sensor's electrical 
response Figure 14a illustrates the substantial non-response associated with a 
longer wavelength transmitted across the sensor situs while Figures 14b and 14c 
show the voltage response (opposing polarity) corresponding to flexure at shorter 
15 wavelengths of interest. As shown, the voltage polarity corresponding to an 

upward flexure is positive for the upperPVDF layer and negative forthe lower 

PVDF layer and the polarities reverse for a downward flexure. 

Figure 14d schematically illustrates the sensor's ability to act as a 
mechanical filter to inhibit generating a detectable signal response for long 
20 wavelengths according to the present invention. 

Figure 15 illustrates a preferred sensor array system according to the 

present invention. 

Figure 16 and 16A are block diagrams of preferred methods of forming a 
strip sensor array according to the present invention. 
25 Figure 17A is a photographic image of a side perspective view of an 

alternate sensor array configuration according to the present invention, the sensor 
array shown in position on a subject. 

Figure 17B is an enlarged photograph of the sensor array of Figure 17A. 
Figures ISA and 18B are photographic images of a side perspective view 
30 of the sensor array of Figure 17 A. 
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Figure !9A is a top view of a preferred embodiment of a sensor film body 
Figure 17A. 

Figure 19B is a bottom view of the sensor film body of F.g»re 19A. 
Figure 20A is an exploded diagram of a sensor body aecording to the 
present invention. 



; lnvcnuim. 

Figure 20B is a sectional view of a sensor element according to the present 



invention. 



FigurealAisaparfiai top view ofasensor film body and polyester layer 

,0 according to a preferred embodiment of the present invention. 

FU^Bisapartiaitopviewofase^orbodyhavingmultiplelayers 

according to the present invention. 

Figure 22 is a top view of a sensor body according to the present tnventton, 
me view illustrating four end terminations formed by a preferred embodiment of 

15 the present invention. 

Figure 23 is an enlarged photographic image of the sensor end of the 
sensor array of Figure 17A having a detachable carrier member according to tire 
nresent invention. 

Figures 24A-E illustrate the use of discrete masses with flexure response 
20 sensors according to the present invention. 

Figures 25A-C show the use of external stiffens for flexure response 
se „sor elements according tome present invention. Figure 25B Ulustrates a 
combination of added discrete mass and stiffened according to the present 
invention. 

25 Figure 26 illustrates a strip array with discrete masses accordmg to the 

present invention. 

Figure 27 schematically illustrates an operational shippmg and apphcaUon 
method according to the present invention. 
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Prtn ;i.H rwri ptinn Invention 
The present invention now will be described more folly hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of tire 
invention are shown. Ms invention may.howevcr.be embodied in marry drfferent 
5 fonnsandshouldnotbeconstrueoaslMtedtomeembodimentssetforurherem; 

rather, these embodiments arc provided so that this disclosure wi.l be thorough and 
complete, and will fully convey the scope of the invention to those skilled in tire 
an. Likenumbersrefertolikeelementsthroughout. In the drawings, layers or 
regions may be exaggerated for clarity. 
, o The present invention relates to a sensor array configuration and 

components thereof and an associated method for fabricating a sensor array. In the 
descriptionofthe present invention that follows, certain terms are employed to 

refer to the positional relationship of certain structures relative to other structures 
As used herein, the term "longitudinal' 1 and derivatives thereof refer to the general 

the two ends of me sensor array. Thus, when positioned on a patient, the 
iongitudinal axis will extend along the lengtir of the strip sensor. As used herem. 
tire terms "outer", "outward", "lateral" ar>d derivatives thereof refer to the general 
direction defined by a vector originating at the longitudinal axis of the sensor array 
20 andextendinghorizontallyandperpendicularlythereto. Conversely, tire terms 

that of the outward direction. Together, the "inward" and "outward" directions 
comprise the "transverse" direction. 

Referring now to Figure IB, a preferred embodiment of a low profile 
25 s^orarraylOaccordingtothepresentinventionisillustrated. The sensor array 

Wis configured to inhibit the sensor elements' 20 response to compression energy 
to provideaselective output which represents substantially only the acoustic 
energy of interest (shear waves having short wavelengms in the acoustic frequency 
band of interest). Preferably, tire sensor elements 20 include two electrically active 
30 layers, each of which lies on opposite sides of a neutral layer, such that the voltage 
output of the two layers produces a signal output responsive to the flexure or 
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Cange in the change in curvature of the underlying surface. As such, the sensor 
an^O is configured to act as a mechanical filter to filter the sensor's response to 

compression energy. 

Generally described, the sensor array 10 includes a frame 15 and a plurahty 
5 o fsensorelemen«s20. The sensor array 10 is configured with a center core layer 

75 and opposing (PVDF) outer layers 50, 60 which include piezoelectric layers 500 
and 600 As shown in Fig-re 9, each of the (PVDF) outer layers 50, 60 provrdes a 
pair of spatially separaed erodes 501, 502, and 601, 602 which define firs, and 
sec ondsignalvol te ges51,61wi*respec.«oground675. As is also shown m 
10 Figure 9, each of the outer layers 50, 60 have an external surface 50a, 60b which 
is electrically tied to the same electrical ground 675. The two opposing outer layer 
electrode surfaces 501, 502 and 601, 602 are configured to provide separate 
eiectrical signal pahs (i.e., voltage outputs V„ V, respectively) whenthe sensor 
20 is flexed as will be discussed further below. The signal surfaces 50b, 60a are 
15 preferably provided by positioning signal traces 22 (Figure 7) on the appropnate 
su rf aceof*ePWlayer50,60.Tha,is,asshow^meiru 1 erfac m gsurfacesof 

the PVDF layers 50b, 60a, include electrical traces formed thereon. 

The outer ground plane or surfaces 675 are preferably provided by applymg 
aconductivelayerontotheouterfacesofurePVDFlayersSOa.eOb. For 
20 depositing or forming the electrical traces 22, 22' or to ground surface, any metal 
depositing or layering technique can be employed such as electron beam 
evaporation, thermal evaporation, painting, spraying, dipping, or sputtenng a 
conductive material ormetallic paint and the like or material over the selected 
surfaces of the PVDF layers 50, 60. The ground plane is preferably formed by 
25 appiyingacontinuousmetaUizedsurfaceovertheentireoutersurfacesofthe 

PVDF layers 50a, 60b to form a continuous shield. Of course, alternative metalhc 
surfaces or techniques can also be employed such as by attaching a conduct™ 
mylar shield layer over the outer surface of the PVDF layers 50, 60. Preferably, 
conductivepaint or ink(suchas silver or gold) is applied to the PVDF layers as a 

portions of the signal paths of the internal traces 22, 22'. 
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As shown in Figure IB, the sensor array 10 includes a frame portion 15 
with two longitudinal extending side rails, a firs, side rail 16, and a seeond srde 
rail 17. Preferably, the frame 15 is configured such that the two side rarls 16, 17 
are spatially separate along amajor portion of the length of the frame 15. 

A plurality of sensor elements 20 are positioned intermediate the two s.de 
rails 16 and 17 such that each sensor element 20 is attached to at least one of the 
sides 16, 17. Preferably, as shown, eU sensor element 20 is attached to only one 
side i e at a lateral attachment 18 positioned either at the first side 16 or the 
second side 17. Former preferably, as shown in Figures 1A and IB, adjacent 
sensors are attached to different sides of the frame 15 and the lateral attachments 
18 extend substantially about the center of the sensor element 20. As shown m 
Figures 1A, IB, 2, 3 and 7, the sensor array 10 includes a first and second stgnal 
trace pattern 22, 22'. The trace patterns 22, 22' are the same and are configured to 
define two separate but corresponding active sensor electrical signal regums 25, 26, 
S 27 28, 29, 30 and 25% 26% 27% 28% 29', 30' across the upper and lower PVDF 

filmlayersensorelements20 > 20'. The sensor array 10 is configured such tot 
each corresponding sensor element electrical signal region 25, 25', 26, 26% 27, 27 , 
28 28' 29, 29' and 30, 30' has a separate and corresponding electrical signal path 
25a, 25a% 26a, 26a', 27a, 27a% 28a, 28a', 29a, 29a', 30a, 30a' respectively, 
defining corresponding but separate upper and lower signal paths 51, 61. As such, 
the electrical path for each sensor 25a-30a extends from a sensor element 20 to an 
electrical termination or electrical connection pad 40. Although Figure 1A 
iUustfates only one PVDF signal layer, the opposing PVDF layer of the sensor 
array 10 includes another (second or bottom) signal trace pattern 22' substanually 
similar to and configured to align with the top external trace 22 pattern shown, 
including corresponding primed element numbers. That is, upon assembly or 
fabrication, two of the PVDF layers shown in the left side of Figure 1A are 
disposed on opposing sides of aneutral core 75. 

In a preferred embodiment, the electrical traces 22, 22' are applied to the 
respective PVDF outer layer 50, 60 such as by applying a silk screened conductive 
ink or paint pattern. The ground plane is preferably provided on each PVDF layer 
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75 typically mcludesaneoprenelayerwimaminfilrn of adhesive on each stde. 
The PVDF layers 50, 60 are then secured to the core 75 to sandwich the core 
therebetween. The electrical connections (pin terminations) are made in an external 
connector and the upper and lower PVDF ground traces or surfaces ^ ^ 

contents of which is hereby incorporated by reference as if recited in full hcrenr. 

As shown in Figure 5, the sensor array 10' includes a frame 15' winch can 
be configured to provide supplement* struck attachments 21 at selected areas 
B (suchasatmeendsJtofurmerstructurallytiethetwosidesWNn-togeuterto 

toarraylO'. This can be beneficial for sensor arrays 10' which, once stenhzed, 
^enclosedinasterile underlying adhesive layer and sterile package for shtpment 

15 duringuse. The additional mechanical reinforcement can minimize sensor element 
20 displacement from the frame 15'. 

Figure 5A illustrates another preferred embodiment of a sensor array 10 
according to the present invention. As shown, the frame 15'* includes a single 

me dual rail configuration shown in Figure IB to provide adequate phystcal 

22b. Of course, the electrical traces 22b will be altered to extend along the sn-gle 

ra,117 " F ig„re S 2and3illus«rateasection view ofapreferred embodiment of the 
25 towprofilesensoraxraylO. As shown (in sectional view), the sensor arra, ,U» 

configured such that the two piezoelectrically active (PVDF) outer layers 50, ® 

30 seconds, Figure 9 schematically illustrates the electrical configuration .f 
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^ ■ ,Te re spec t iv e ,opandbot t o m su rf aces 50b ,6» a (U.,the 
interior surface, on a completed amy ofthe outer 

lay ers5.,60. I-^ emb ~*"l bly fceco^hasadepthor 
^erthana.eou^r layers, Morepre ^ 

, , ^^ ! ,n the relative permittivity ofthe outer laycrb 
embodiment, a stable core rclauv P ^ ^ 

low viscous losses. Resilient, amv(at least the sensor element) to 

^edofamaterial which allows the sensor array £ § 

fiance matched withthe bod* , 0K materia , s mcl ude 

P-t-su^-^— ^^.enCrms. Ina 
nitrile,neoprene, latex, polyethyie Alternatively, the core 75 

prefe[ redembc« 1 iment,mecoremate ri a,isneopr»e^«^ 

• +rt the flexure ofthe underlying surface, 
responsive to the flexure permittivity and 

;5 the outer layers 50, *0 are first ^ ^ ^ ^ second 

telative permittivity. As such, the 6 „ Ina 
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♦ • i ^rmittivitv ) and the core configuration (area (A), and the 
to the core material permittivity {s ),<™ , 

, ^ nn fr= F AJY\ In a preferred embodiment, tne 

thickness ay) as stated by the equation (C-sA/iJ. map 

the electrodes defined by the PVDF layers 50, 60. 

Referritt^Figu^Mand^e outer layers 50, 60 are fo^ed^a 

piezoelectrically active materia, such as, but no, Hmited to, polygene fluonde 
(PVDF) or its copolymer with trifluoroethylene (PVDF-TrFe). As shown m 
FigureS.electrodes 501,502, 60!, 602 are formed onboth sides of memajor 

sices of piezoelectric film 500, 6.0. b this way, the PVDF matena, prov.de 
outer iayers 50, 60 which function as elertrodes which can act as an 
dectromech^icaltransducer and, as such, canbeused as an acoust* 
Generally described, and as shown in Fi^es UA, and UC me sensor 2, s 

(flexure or curvature displacement) an electric potential or voltage phonal » 

c„n te n e ofwhichUherebyincorpora,edasifreci te dmMlhe re m. Apreferred 
elecmcalcor^gumtionwillbediscussedfurtherbelow. 

Figure 4 is a side view of a low profile sensor array 10 accordrng to a 
preferredembodimentofthepresentinventio, Asshown 
configured such mat each of the sensor elements 25-30 and the frame 5arem 

s idesl6,17havethe siune material mickness and layers). More preferab^ as 
s howr,me sensor arrayl0(andthe sensor array 10" with me single rati frame 
15 ") is configured suchthat me element and the frame IShave the same 

the linear striparray preferably includes a top and b<>«om ou^ surface l.a, 10 b 
ftrmerbelow.the.op outer surface can include one or more dtscrete masses 900 
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^WOanachedto^ese^e^ent^onto^therespo^of^e 

flexural sensor element 20 (Figure 26). 

Figor e5shows an alternate embodiment of a sensory 10 . Into 

sedges of the sensor elements 20. Also as shown, the stdes or stde^ls 

, , • i tv, Similarly Figure 5A illustrates a single-rail 
alone the length of the signal path. Similarly, rigu 

ro^entl^or^^.—tomepresent— ^ 

TurningnowtoFigureS.aprefenedstroeturalfoundaUonlayerlOO.s 
shown ThefoundanonlayerlOOprovidesthes— foundation for *e»gn*l 

to the foundation layer 100, as will be discussed further below. As S j* 0W1 ^^^ 
^onlayerlOOdefmesmeframelS.ntesiderai^MVandthe^e 

rjnichextendsdowntothe — — . n ends at the cornet 
„ InanyeventtheneckportionmoftheframelSispreferably 

25 eeJshasaftrst— at ute nee, upper portion 102 but sub^ 

^tespHortou.eendofthenecUowerporuon^toasecondredu^ 

^theneopreneextendsdownunu.uteareashowninerosshatcb^ Aprefcned 
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fiuncanbe positioned suchthat it extends be^eenthe two inwardly facing 
surfaces of the PVDF layers SO, 60. 

Figur e 7 U.ustrates a preferred trace pattern 22, 22' wh,ch ts, upon 

• a ,„afts2Sa-30 a 2Sa'-30a>whiche X tenddowntheneckporaon 
respective signal paths 25a .sua, ^ 

102 and ribbon portion 105 of the sensor frame. As shown in Figure 7, the 

router surfaces of the outer iayers SO, 60 a silver ink si* screen patter. ™n,e 
partc u,arconductivepa«ernsareiUustratedinFi g ur eS 7a n dSA,— e 

15 employed. 

Fig „e8Bisanen 1 ar g edv i ewofasen S ore,emen.20.Preferab 1 y,t J ,e 
^toaboutiintnt.Xnapreferredernbodirnent.asshown.n^^e^ 

30 the(rVDF)layersS0,60. As such, the electricaUy active regions defirnngfh 
^^^^^^^^^ 
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5 a bout500or600micr„ns). Tins configure* maxes the unckness of the PVDF 

tlcoreTS.AsshowninFlgure^theupperand^s.gnalpa.hsSOZMOZa 

defined by the trace patten. 22, 22' are separated by a distance which ,s 
substantially equal to the core depth 75a. 

Figure !0 schematically illustrates a preferred conf.gurat.on of a low 
profilesensorarmyassemblyUO. As shown in Figure !0 ; *e sensor array 
assembly 120 includes four laterally positioned iinear sensor or stnp array s 120a, 

15 prcf rredintercos^lspaces. ^P^^-"™^" 

c^ts of which are hereby incorporated by reference as if rec.ted m Ml herem. 
assembly 120. As shown, the pigtail 120P preferably extends off the sensor 
20 g .eacces S tomepatient(,e., W he t her te systemmustbec^ed 

t oti,epatientfromu,erightorlefthandsideof*ebed, 

mFig ure 11, me electrical pigtails »20P can extend from me opposrngs.de. 

Similaxly.Figuresnand 12 illustrate a preferred low profile sensor array 

U.esensorshavingsixsensorelementsa.each. Of course, alternate — of 
sen sorarrayslOor sensor elements 20 on *e arrays 10 can also be used (e,n^ 

10 positione4onmeSKin200ofapatientoveranacoustic window abovethe 
30 calcregionofinterest. TTms, me sensor array according to the present .n— 

preferably inCudes means for reieasably securing me sensor array toapauent. 
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Suehmeansmay co^ an adhesive ,ayer wmch may be incorp-ted ,„ or 
appliedt oo„e sid ecf tt ese»so r a ra v S ucha Sm eadhe S ive 1 ave r 775show» 1 n 

Japatienta.e.nowntothoseofs.cinintoan.AsshowninFigure^esenso, 

w »*,^^^**' ,H ' ,dta ' 1,ta, '. , T 

p„ rti „»„f me ,ower exfcrnal surface 60b to secure the sensor »J 

SUn ' «n„wto F igures9 ) 13A, 1 3B,and 1 4A-C,p re fe n edelec rt ca 1 a„d 
ope^ional schematics for «he sensor elements 20 *e shown. As discussed above, 
Figur e,iUustratesme P iezoelecUi C active outer layers 50, 60 as inciudrnga 
PVDFCoromerpiezoelectricpolyme^ 

m 602 Them^o r fu r nsurfacesS02 > 602eachincludeaseparateelecmcal 
ig ^path502a, 602a while the outer fumsurfaces 50!, 601 are tied to a common 
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EK>Und nles 9 and 13A-B illustrate that the PVDF is disposed on the first 
negativepolantv.Incontrast.mePVDFisdisposedonmeaoweOouter.ayer** 

(i.e., the upper layer 50 can have negative to positive while the bottom layer 60 can 

have positive to negative). 

Ass hown i nFi g »res 1 4BandX4C,eachoftheoute r layers50,60p r o.des 

avo.tageCV.andV^^inresponseto flexure of the sensor 20, respectively, 
eveninresponsetolongcompressionalwaves. However, in response to gross 

Becausethe polarities are reversed, and because me core material and sensor 
eonfigurationprovidesalnghdegreeofcouplingbetweentite^o outer50,60 
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c^^b..*--*!* ««-»• However, because during flexure or 
tnesignofftevoltagewillbeoppositebetweenthetwoiayers. Further* 
of.he.ign^UbeAes^ebetween.he^o.ayers.^us^eu^tse^r 

volU,ge S ,thatisthediffe re ncebetweenU 1 e rc sponsevoltage S V„V 2 .. 

Advantageously, as shown in Figure 13a, the electrode configurate » 
0 s^that.tesensoraOac.U.ceadifferenUa.arnpUfier*^ In operation the sensor 
array l 0 takestovo tag edi ff erentia 1 ofu 1 etworesponsevoltagesV 1 ,V J to 

doubled value) and, thus,canprovide improved SNR performance. Furflter, for 
non-flexure sensor excitation, me voltage poiarities are such mat me stgna. 

non-flexure excitations. 

Thus, in operation, as schematically shown in Figure 14a, for a non-stram 

ford etecti„n. In contrast as shown in Figure 14b and 14c, me polanties of the 
.aycrs 50, 60 have opposing polarities. For example, for a given flexure m me 

(-2 microvoits), and me signal response for this flexure wiU men be 2<-2) or 4 
nticrovolts. Of course, the magnitude of me voltage will vary according to the 
degree of strain or curvature of the flexure. 

Figure 14a illustrates the substantial non-response associated wrth a 
compression or iongerv.velengmtransrnitied across the sensor situs whde 
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^MbandUcshow^voltageresponseCopposingpolan^correspontag 

.ofle^atshonerwav^ofin^t. As shown, the voltage polanty 
eo^pondingtoanupwa.d^ispo.tivefo.tHeuppe.PVDF.aye.SOan 

neg ativefor the lower PVDF layer 60 and thepoianties reverse for a downward 

; flexure. , 

In a preferred embodiment, as schematically shown m Frgure 14d, me 
sensor arrays 10, 10% 10", 10~are configured suchthat they are selectively 

tageracousticwavdengmsSOO. The longer wavelengths 300 are typrcaUy 
associated with compression waves in the body or in the ambient noise wthmthe 

element. In operation, due to differs* the speed of the waves orafeouency 
band of interest, shear waves typically have much shorter wavelengths than the 
^lengths associated with compression waves. Stated differently, the sensor ,s 

shear waves 310, and subs*ntially non-responsive to acoustic inputs of the much 
longercompressionwaveiengmsSOO. At the same time, tire sensor arrayts 
configured to respond, shear waves having shorter wavelengms 31(, Thu, >e 

mimmizes the sensor elements from generating a de^ble signal response for 
^gwavelengmsatfrequenciesofinterest. The sensors and sensor arrays 
describedherein include an operational range for the acoustic — ^ 
interest for the diagnosis and detection of coronary artery disease. Preferably, the 
sensors include an operational range of a, least about 100-2500 H, and more 
preferably arange of about 100-1000 Hz. Preferably, the sensor elements 20 are 
configured and sized on the frame 17 to respond to shear waves attire operating 

of Lthanabout2Sm/s, or more intherangeof about 5-1 5 m/s, and ,0 suppress 
orinhibit signal response for compression* waves or acoustic waves havmga 
propagation velocity above abouUOOm/s. More preferably, the sensor ,s 
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, • i 201 includes a positive signal 280 ana 

dement. As shown, the smgle sensor 201 » P 

th e S triparraylOd,scussedabove. As sh ^ 

lofta 290b are preferably formed r>y a mcuui 
The W o grounds 290a, 2901. P ^ on one rface of 

^SOconfiguredtoprovideaconUnuousplanarelecmcal 

20 "^^rnAa.dX^U^ye.ano.erprefer.dembod^ofan 
25 *^«^^r^ZL-. Tms.owpronUacousnc 

---- 

.hissensorarray 10 mcludesmu P electrically ^.ed a. 
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events 421, 422, 425 with corresponding tran.rmss.on hnes 43!, 432, 433. 

adjacent sensor elements. 

As is also shown inFigure 1 7B,*e—s,o„ hnes 43!, 432, 433 are 

LmisLpamCme — ionpa.e^^een.eser.ore^O 
t0 the primary connector 451). AH** *own as formed with accordron^ 

in the art that other meehanical damping configurations may aiso be used. For 
exampie, but not lto i,ed to, me transmission iine can be formed withasenesof 

me above mechanical damping configurations. 

Figures 17A and 17B iUustrate a preferred sensor array 10- ahgnment. 
^shov^inpositiononasubjec.the sensor array 1."' posi^ me sensor pads 
4Z1 422 423such«hatthediscretesens„rpadsareconfigu re da S anarraylO 

422 423 and corresponding transmission iines 431, 432, 433 are configured . 
discrete aUgned segments in the array, i.,., mey have "unitized separation . As 
lwn,Jrearof m esensorpad423bofmemostdis^ sensor 423(thes^sor 

422 a ofthe next adjacent sensor pad 422. The rear of that sensor pad 422b 
P ositi 0 nedproxima,e«>t h efront421aof the next sensor 

P referab,y,asshown,,he sensor pads 421, 422, 423 are posted such that they 
is conformaltothe underlying skin and me transmission iines are srzed and 
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eo^dsuch^chissparialiyseparatedftomtheo^ersa^non^taoung 
with the others). 

The transmission .ine 430 preferably longitudinally extends off one end 
portion of fhe sensor pad(shownas the rear portion) 423b, 422b, 42,b. Preferabiy, 
5 thesensorarraylO'" is configured and sized such *at «he —sron Inre for 

each sensor 430 extends off the sensor pad inamanner that, when connected to the 

^o^^^^^^^^Z hen 

viewed from the side. That is, as shown by Figures !7A and 17B, the length fthe 

when the primary connector 450 is connected to the signal processing input port 
in cludes^discre.esensors420,andeach S ensor420,sensorpad42 1 -423,ar 1 d 

sensorpads.a.d— ionlines. However, the sensor array !0" can 
employ several of the multielement sensor arrays !0"> (such as four) of *e trt- 
elementsensoran.yslO'-canreducemenumberofpatientinterconnecUons 

more precise acoustic detection on a patient 

Figur.lTAalsoillustratesareflector 424 positioned on each of the sensor 

element. 42. ,o facilitate the detection system's photogrammetric recognition of the 
positional alignment of the ser^or elements 420 when on the bod, The reflector 
424 canbe applied by various means such as via reflective paint or by attachmg 

eg co-pending and co-assigned U.S. Patent Application identified by Attorney 
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of this disclosure are hereby incorporate reference as if recited inlullherem. 

Referring now to Figure ISA, the sensor array 10>" is shown in a pre-use 
p osition(notpositionedonas„bjec,).Eachsensor4 2 «inc,ude S asensorpad42*p 

5 md aterminationend440. The —Uon end of the sensor 440 is connected, o 

the primary connector 450. In a preferred embodiment, a mechanieai K nronaUon 
stiffened! is applied over termination ends 440 adjacent the pnmary 
connector 450 to help stiffen and support the relatively thin ends of the sensors 
420 Preferably.ftetenninanonstiffenerisfonnedofanonWuctmgn^tenal 

10 suchasatransparentfilmortheHke. Suitable materials include polyester and/or 

poivstyrene and me like. Also preferably, each sensor 420 hasadiscrete or 

from me others to help isolate each of the signal paths from the others. The 

termination stiffener helps provide sufficient structure for the relatively flun 

, 5 flexible PVDF body 420b (Figure 20 A) onto which the connector or end 

^nations can be attached. Of course, ahernate structural enhancing means can 

also be used as will be appreciated by those of skill in the art. 

AsshowninFigure S 18Aandl8B,*etransmissionlines430e a chinclude 

aplurality of undulations or pleats 435 formed along the lengm thereof (typ.cally 
20 underabo»t 2 3cm). Preferably, each transmission line 430 is configured the same 

as the other, In a preferred embodiment, as shown, each transmission hne 430 
preferably includes at least four undulations or pleats 435 serially formed m 
contmuous repeats (non-mte^^^ 

thereof. Of course, as will be appreciated b, one of skill in the art, the number of 
25 ple«s, the shape, and the pattern or configuration of same can be alternately 

ranged. The undulations or pleats 435 positioned along the transmissron hues ^ 
430hel P toisolateme tt ar B rmssion P a»s S oastonuninu Z emese,^rar ra y-sW 

reaction to unwanted acoustic inputs between adjacent elements or lines or even 
from vibration from a computer or processor or data system connected te the array 
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every 0 5 inches or 1.25 cm (0.5 inches or 1.25 cm edge to edge) along the length 
of*etra n smissionlme430u„Ultheterrninationendof«he S e m or440. 

It is also preferred that the electrical lead lengths of the transmission toes 
5 430 and each of the sensor pads 420p are maintained as a consent size and length 

describing the other sensor array configuration above. 

Referring now to Figures 19A and 20A, a preferred embodnnent of a 
sensor body 420b is shown. Similar to the embodiment shown in Figure 8A, the 

opposing firs, andsecond major surfaces 420f., 420,, The first major surface 
420f ofthe film includes an active metailized electrode surface 22e defimng the 
oppo'sing sensor pad regions 420 pl , 420p2. Tire first major surface 420f. also 

„ outsidenreelec^eregionsareinactive.forexample.bythetraceregionsnot 

flexure signal generated by the electrode sensing regtons. 

The second major surface 420f b of the PVDF film layer 420f (the surface 
nnderiving the exposed surfac* shown in Figure ,9A) is formed from a conductive 
20 tracesuchasaconductiveinlcCbutofcourseothermethodsfordisposmga 

conductive trace can also be used such as those described hereinabove). As shown 
in Figure 19B, the second major surface 420f t is preferably configured to provtde 

portion of the -T- defined by the two pad portions of the sensor body 420pl, 
25 420p2. T!resecondmajorsu rf ace420, l a 1 soincludesatrace438 g positioned 

aiong one side of the (PVDF film). This third transmission line or trace 438g acts 
as a ground signal path or line. 

In a preferred embodiment as shown in Figure 19B, the trace 438g » 
preferably configured to extend a greater distance on the termination end of the 

se^r This additional length allows this portion of the sensor to be folded over to 
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mother side of^e^or.o^gn.he ground signal Hnc 4^™*^ 

^li O n 1 ine S 43S b ,438c f o r eac„o ffll ee le o tr odes450,4«,.Ass h o W n m 

Fi ^21Band22,thistenninatio„con fi gurationprovid e safourpomt 

^ tionconnecUonfo^ep^connec, o^SOistnus^dona 

single common connection surface. 

The PVDF film layer 420f defines the acoustic sensor s,gnal paths 480, 

481 and ground signal path 438g for each of the sensor pads or electrodes 450, 
10 4*0includmg*eac ti veportionof fl .esensorpad420p 1 ,4 M p2andd,e 
10 Related — ionorsigna,paths438 1 ,,43 8 e,438 g . *^<^ 

fresensorpadinorderto provide the differential based operational senstng 
provide anupper electrode surf.ee and a lower electrode -*»«*™ 

Preferably.asshov^inFigureZOA.inordertofonnmesensorassembly 
^OalayerofnonconducUvematerialCsuchas polyester fi lm)4 W is^ched to or 

"^^alongthelinea,— io „ line 430 or trace ponion of t,e sensor body 
lay ers499endadistancea TO y f romme,er m inationendofd 1 e S ensor440.. 
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sidedordoublesidedadhesive-backedpoiyes.er.apecanbeeonvementiyusedto 
atta o ht hepolyes te rlayers,o*e reS p,c ti vePVDF fi lmsurface420t > 420f b . Of 
course, other adhesive or attachment means can also be us*d as will be apprecrated 
by one of skill in the art. 
5 The sensor body 420b also includes a resilient core W which is appl.ed to 

one side of the sensor pad region of the sensor body 420b as shown by the arrow 
associated with the core element 75' drawn in dotted line in Figure 19A. Ftgure 
20A also shows the preferred assembly position of the core 75' relative to&e 
se „sorpad420p2regionofthesensorbody420b. In position, the core 75> .s 
10 p ositi„nedtooverlieandat*ch,othesensorpad420p2 (such as via an adhes.ve). 
As shown in Figure 20A in double-dotted line, to form the flexure-responsive 
sensor element 421-423, the PVDF film sensor pad 420 P 1 is folded over the 

central core layer 75' to overlie the opposing PVDF film sensor pad 420p2 as ^ 
shown in cross section in Fig-re 20B. The folded configuration of the sensor 420 
15 (thatispreferabiyonlymeserrsorpadregionisfo^isshowninFigureslSA 

and 18B. 

As is also shown in Figure 20A, in this embodiment, first and second 
layerS of conductive shielding material layers 501, 502 are attached to the sensor 
body 420b. Inapreferred embodiment, the shielding material layers are metalhzed 
20 fto.andmorepreferab.yathinshe.tofMYLAR^fihn.Theconductive 

shielding material layers 501, 502 help to shield the sensor 420 to minimize the 
introduction of electromagnetic interference into the sensor signal paths. As shown 
in Figure 20A, the shielding material layers 501, 502 are sized and configured so 
tot they do not contact along the sensor pad region of the sensor, i.e., the 
25 perimeteredgesofmesensorpadarenotenclosedbymesMeldingrnateriallayers 

501 502 when the PVDF film sensor pads are aligned over the core 75'. 

As shown in Figure 20A, the first shielding layer 501 linearly extends from 
the upper neck portion of tire sensor body to an end portion which is adjacent tire 
termination end of the sensor 440. In this embodiment, the first shielding layer 
30 doesnotextendtocovermePVDFsensorpadregions420p 1 ,420p2. Asisalso 
shown, the first shielding layer 501 ends at substantially the same position as the 
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polyester layer 499 but also includes a termination protrusion end 438a winch 
.ongimdinallyextendsafurther distance to align with the active signal 

transmission lines 438b, 438c. 

Figure 21A shows the preferred end point for the non-conducting layers 
499 and the upper shielding layer 501 . As shown, the materia! extends adjacent 
but below the sensor pad regions 420 pl> 420p2. Figure 21B shows the outer 

the shieiding layer 501 and the intermediately positioned polyester layer 499 end at 
a common termination line P-P for a major portion of the outer shielding matenal 
lay er 501. This configuration allows electrical access for the signal lines 438b 
438c This configuration also allows for electrical engagement with the ground 
path 438g when it is folded up to contact the shie.ding material layer 501. 

As shown in Figure 20A, the second or opposing outer shielding layer 502 
isconfiguredandsizedtosubstantiallyconformtouteshapeandsizeoffte 

; un f old edPVDFfilmlayer420f. As such,, it includes a "T" shaped body of which 

t heup P erportionispreferablyfoldeda 1 ongwiththesensorpad420pl. When 
folded tire second shielding layer 502 provides a continuous electric shield for the 
exposed major surfaces of the sensor pad 420p and also preferably ends into or 
contacts the upper portion of the first shielding layer SOUatalower edge 502a. 
Accordingly, the two opposing shie.ding layers 501, 502 provide a contiguous 
shield for tire sensor 420 as shown in Figure 17A while the insulating polyester 
film layer maintains the electrical integrity of the internally disposed signal paths 
438b 438c. Similartotiref U ^shieldin g layer501,thesecondshieldinglayer502 
also mcludesa.ongitudinally extending protrusion portion 438a- positioned to 
overlieme&stprotrusion438awiti 1 «hePVDFfiunlayer420fdisposed 
therebetween. Upon termination into the connector, the protrusion portions 438a, 
438a' provide the electrical continuity for the shield layers 501, 502. 

Figure 22 illustrates the electrical signa! paths 438a, 438b, 438c, and 438g 
formed onto the sensor body 420b. The live signal paths with opposing polanty 
are4 38b and 438e, while the ground is provided by 438g and the shield by 438a, 
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Advantageously, as shown in Figure 20b, the electrode configuration 450, 
460 is such that the sensor 420 acts like a differential amplifier 63' as discussed for 
the embodiment described above. In operation, the sensor 420 takes the voltage 
differential of the two response voltages v„ v, to generate a signal response winch 
5 has an increased voltage value (approximately doubled value) and, thus, can 

provide improved SNR performance. Further, for non-flexure sensor excitaaon, 
the voltage polarities are such that the signal responses from each layer 450, 460 
cancel each other, minimizing signal output for non-flexure excitations. 

Preferably, the sensor component materials such as for the core are selected 
l0 and configured as described for the first embodiment described herein. 

As shown in Figure 23, the sensor array 10"' preferably includes a 
structural support or carrier member 600 which is positioned over the exposed stde 
of the plurality of sensors 420 (the side away from the patient when in operable 
position). The carrier member 600 is release-ably secured to each of the plurahty 
15 of sensors 421, 422, 423. Thus, the carrier member 600 is used to maintam the 

sensor elements 421, 422, 423 in a predetermined alignment so that an operator or 
technician can remove the sensor array from a shipping package, attach the discrete 
sensor elements 421, 422, 423 onto the patient, and strip the carrier member 600 
away conveniently providing unitized installation for discrete sensors. The 
20 underside of the sensor elements 421, 422, 423 preferably includes a layer of 

adhesive which is configured to securely attach the sensor's in position on a patrent 
during use as described for the first embodiment above (of course, the adhesive can 
be directly applied to the patient instead). The carrier member 600 conveniently 
allows the technician or operator to easily position the discrete individual sensor 
25 elements 421, 422, 423 onto the patient while maintaining the preferred alignment 

positional relationship therebetween. Thus, the carrier member 600 is configured 
to be temporarily attached to the sensor elements 421, 422, 423 (only dunng 
shipping and patient application, attached during the time period prior to 
sensor operation). Advantageously, the carrier member 600 can limit the number 
30 of installation steps the operator must take to prepare the patient for acousttc 

evaluation. Further, the carrier member 600 is configured to release or detach from 
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the sensors 421, 422, 423 once the sensors are secured .0 a patient. Of course, this 
carrier member can also be used with other flexible low profile sensor arrays to 
help facilitate the positional and structural integrity while applying same to the 
patient. 

5 This disengagement is preferably accomplished by disengaging an edge 

portion of the carrier such as an exposed tab 601 and pulling the carrier member 
600 away from the sensor elements 421, 422, 423 without disturbing the mstalled 
position of the sensors on the patient. Advantageously, the carrier member 600 
provides the installation convenience of structurally related sensors while also 
,0 allowing the structural isolation of the sensors during operation. 

Figure 27 schematically illustrates the preferred product configuration wtth 
the releasable carrier member 600. Step 1 includes a first carrier member 600 and 
a second carrier member 619 used during transport or shipment to a use facmty 
(step 1) As shown, the second carrier member is an easily releasable (low peel 
15 strength) tape or the like which is used to protect and maintain the pauent-adhes.ve 

material intact during shipment. Step 1 also shows mat prior to use, the second 
carrier member is pulled away and released exposing the bottom of the sensor 
elements and the adhesive thereon. Step 2 illustrates that, once the sensor elements 
are secured to the patient, the top carrier member 600 can be pulled away leavtng 
20 thesensorelementsexposed. Thus, me top carrier member 600 preferably has a 
peel strength which is less than the bond strength of the adhesive/pattenl 
attachment. The top surface of tie sensor elements can also include discrete 
.nasses or reflectors as will be discussed further below. Step 3 illustrates the 
positional alignment of the sensor elements 420 provided by the fixed structural 
25 relationship via the top carrier member 600 during positioning onto a pattern. 

Thus conveniently, once the top carrier member 600 is stripped away, the sensor 
elements 420 are in position and ready for acoustic operation. The carrier member 
600 is particularly helpful for discrete element sensor arrays 420, but the present 
invention is not limited thereto, and can of course, be employed with the ship array 
30 10 embodiment described herein. 
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Another preferred embodiment of the present invention includes a sensor 
array 10"'M as shown in Figure 24A. In this embodiment, at least one discrete 
mass 900 or external flex stiffener 910 is added to the npper (exposed when on a 
patient) surface of each sensor element 420. This configuration can modtfy the 
5 flexural response of the sensor element 420 and may improve the coupling of the 

sensor Preferably, the discrete mass 900 or external stiffened extends across 
at least a portion of the short dimension of the sensor element. It is also preferred 
that the mass (or stiffener) be sized and configured on the sensor element 420 such 
.hat it is locally discrete as opposed to distributed (distributed meaning extending 
10 continuously across the long dimension of the sensor element). 

In a preferred embodiment, as shown in Figure 24A, a centrally positioned 
discrete mass is positioned on each sensor element 420. Preferably, the mass is 
formed from a high-density material such as a tungsten alloy, lead, or other heavy 
metal. A suitable discrete mass 900 weighs about 3-6 grams, and more preferably 
15 about 4.5-5 grams. Typical dimensions of the discrete mass is about 0.2x 0.2 x 

0 42 inches (or about a 5mm length across the short dimension of the sensor pad). 
Examples of discrete external stiffeners include a layer of material having a 
different (more rigid) stifihess as compared to the PVDF layers or the core. 

Figures 24A-E, 25A-C, and Figure 26 illustrate exemplary dtscrete mass 
20 and stiffener configurations according to the present invention. Figure 24B 

illustrates a plurality of discrete masses 901 positioned on opposing ends of the 
sensor elements 420. Figure 26 illustrates a discrete mass 900 positioned on the 
strip array 10. Figure 24C illustrates a discrete mass 900 positioned on the sensor 
element 420 and a discrete mass 900 and a second discrete mass 900a positioned 
on the transmission path 430. Figure 24D illustrates a plurality of discrete masses 
900 positioned onto the sensor pad 420. Figure 24E shows a plurality of 
alternately configured discrete elements 902 positioned on the sensor element 420. 
Figure 25A illustrates a pair of opposing external stiffeners 910 positioned onto 
the sensor element 420 while Figure 25C illustrates a single center stiffener 910. 
Figure 25B shows mat the stiffener 910 can be combined with a discrete mass 900. 
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The reflectors (424, Figure 19A) or a reflective material can also be 
conveniently applied to the exposed surface of the stiffener 910 or discrete mass 
900 to facilitate system positional operational alignment as discussed above. 

Additionally, the stiffness of the sensor element 20, 420 can be adjusted by 
selecting the core materials to provide a different more stiff resilience at one or 
more regions in the pad such that the stiffer regions extend in at least one regurn 
across at least a portion of the short side of the sensor. 

Fabrication 

As shown, in Figures 1A and IB, in a preferred embodiment, the sensor 
array 10 is fabrieated as a unitary body. That is, unlike conventional sensors, there 
is no requirement to assemble discrete sensor elements onto an underlying 
electrical ribbon. Preferably, at least the frame 15 and sensor elements 20 are 
configured as a unitary body, and more preferably, the sensor array itself 10 ,s an 
entirely unitary body («.*., a single piece construction comprising multiple layers 
but no discrete components excepting an electrical interface connector (not shown) 
which is adapted to be engaged with the electrical terminations 40). 

For the embodiment shown in Figure 17A, it is preferred that the core 75> 
be extruded, molded, formed, or cut, and that after the electric shield layer and 
other layers are positioned (and the sensor pad folded), the undulations be formed 
by mechanically crimping the assembled sensor at desired spacings along >ts 
length Of course, other crimping means or forming means such as specahzed 
tooling can also be used to configure the undulations onto the sensor body as will 
be appreciated by those of skill in the art. 

Figure 16 shows a block diagram describing a preferred method of 
fabricating a low profile sensor having two separate PVDF layers according to the 
first described embodiment. After the foundation or core is formed (i.e., such as 
cut or extruded), the outer layers 50, 60 are attached thereon to form the stnp 
sensor (Block 300). The foundation layer is cut so that a series of proximately 
30 located and non-contacting pads are formed onto a frame segment in the 

foundation layer (Block 310). An electrical signal path is positioned onto each of 
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*. outer layersCFVDFfito^ch isthen secured to the foundation layer (B..c k 

3M) ' OpUo„a lly > e PVDFfu mm a y be se «aotivated,,,,on 1 y S e»ected 
^suchasthesensorpadregior.arcao^ypo.anzed. Alternatively 

regio ns of the PVDF materia, to an elec^ 

heating Alternately, of course, "selective polarization or activate .snot 

piezoelectrically enhanced or "activated". 

FigureXSAillustratesaddiuonaipreferrednaethodsteps. Asshole 

ment(Block312) Preferably, apattern defining aplurahty of electncally 

335) Alsopreferab.y,assho™by(B.o.U340),*edispo S in g step, S perforn 1 ed 
rrP^.ayersateattacbe.^efoundaUon.ayersucH^^estgr^ traces 

Preferably, for extruding the core 75 or 75 , or tor the to 
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step, a neoprene core material is inserted into a die. As discussed above, the PVDF 
material is preferably introduced onto the core layer 75 (75') such that a first outer 
layer 50 has a first polarity and a second outer layer 60 positioned contacting the 
core 75 opposing the first outer layer 50 has a second polarity, the second polarity 
5 being the reverse of the first polarity. Preferably, the fabrication process 

introduces the core material into the forming, cutting or extruding machine such 
that it terminates in the finished extruded product at a longitudinal distance away 
from the frame along the foundation layer (100, Figure 6). The frame pattern is 
then cut to form the foundation layer (which includes the core 75 and two opposing 

10 outer layers 50, 60 as discussed above). In a preferred embodiment, the foundation 

layer defines a linear arrangement of a plurality of sensor pads. An electrical 
signal path is positioned onto the external surface of the foundation layer 100. 
Preferably, the electrical trace pattern is introduced onto the PVDF layer by 
applying a conductive ink in a silk screen pattern thereon. Preferably, a conductive 

15 electrical trace pattern is disposed onto two (preferably planar) separate surfaces of 

the two PVDF layers , the top outer surface and the bottom outer surface 50, 60. 
The electrical pattern includes a sensor pad active region 220 and linear traces 221. 
Further preferably, the same pattern is disposed as an external trace onto each 
transverse outer surface, such that the sensor array has two separate signal paths for 

20 each element 20, the signal paths separated by the core material depth or thickness. 

Optionally, as noted above and illustrated by Block 350, the PVDF can be 
selectively polarized or selected portions of the outer layers can be de-polarized. 
For example, as schematically shown in Figure 6A, the frame portions which carry 
the linear external trace portions can be non-activated or heated to deactivate the 

25 PVDF material in that area to rniriimize the potential for signal excitation in this 

area so as to inhibit interaction or activation along the length of the array. 

Figure 20A shows a preferred method of fabricating a low profile sensor 
having discrete elements as shown in Figure 17A. Generally described, a first 
unitary layer of PVDF film is configured with a laterally extending portion having 

30 a first width and a longitudinally extending portion having a second width. The 

longitudinally extending portion preferably extends from a lower edge of a center 
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of the lateral portion, thus forming a "T" shape configuration. Electrical traces are 
formed onto both major surfaces of the PVDF layer. The electrical traces are 
formed as a rectangular shaped sensor element onto the upper or lateral portion of 
the "T" such that this portion defines the two separate electrode regions with 
5 opposing polarity. The electrical traces are formed onto the lower portion of the 

"T" to define three electrical paths. The first and second paths are formed on one 
major surface adjacent to one side to provide the electrical signal path for the first 
and second electrodes. The third path is formed on the opposite side of the PVDF 
layer (on the second major surface). The third path preferably includes a primary 

10 finger portion. The third path forms the electrical ground and extends along the 

side of the second major surface opposite the side the first and second paths are 
formed on the first major surface. 

A resilient core (such as neoprene) is inserted onto the top surface of one of 
the electrode regions. Linear strips of non-conducting film is positioned to overlay 

15 the lower portion of the "T". A first electric shield material (such as MYLAR®) is 

positioned to overlay the lower portion of the "T" over the non-conducting 
(polyester) film on the side opposing the first major surface of the PVDF film (the 
side with the first and second electrical paths) and preferably includes a conductive 
finger portion. This conductive shield layer does not extend into the electrode 

20 region. On the second outer surface, a "T" shaped conductive shield layer is 

configured and sized to mirror the PVDF film shape. This outer conductive shield 
layer is positioned to overlay the second major surface of the PVDF film in the 
electrode region and to overlay and contact the non-conducting film in the linear 
transmission layer. 

25 The laterally extending portion of the PVDF film with the outer shield 

thereon is folded over the neoprene core such that the first and second electrode 
regions are positioned opposing the other with the core in contact with each and 
positioned intermediate thereof. The finger of the ground strip is folded up to 
contact the first conductive shield material thereby providing a substantially 

30 continuous electric shield for the sensor while maintaining the electrical integrity 

of the electrode sensors. The transmission line is then preferably crimped at 
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sensorarray. The sensor array preferably includes a earner member winch* 
ZUiw---— — • ^o^na.alisnnren.nn^esensor 

bede.achedn.mu.eindividuaisensoretoentsleavinguremmpiace^ 

others S.teddifrerently.thesensorarrayisconf.guredw.thap^tyofun.W 

.ensorshe.dbyaunitizing member, and after applying the unitized array toa 
, ^meuJti.eamemberisreadilyremovedlea^mesensorsseeured^a 

natient in a predetermined alignment. 

P ac te gewluchca„bemorerespcnsive toa coustie S ignalsmeasuredon«he • 
CI epidermal ,ayer (conforms ,o patient chest area and fl exes in response. 

, ITmoLent , — —^^31^ 

lelengthsforthe acoustic W ave input of in^rest particularly those assorted 

,0 with evaluating coronary artery disease. ,, inth . 

^Ualsobeappreeiated^atthePVDFcanbeseleetivelyactivatedmtire 

embodiments described herein. 

^llalsobeappreciatedthatthesensorelemen.20,42* c^be 

alternativelyconfiguredsuchasbutnotlimitedtoatriangle.square.crrcle, 

L^Ocan.sobeconfiguredin.ternative shapes such as but not Imuted 
toatriangle.square.circle.parallelograrn.octagon.andfteto. 

respeettoafiameh.vmgtwosidesorrans^epresentmventionmayalso^me 



^fefe ^9 PCT/US00/05124 

WO 00/54897 

sides of the frame or rail or alternatively, discrete element sensor, Accordingly, 
^presentinvenUonshouldnotbeconsU.edas.imitcdtostnrctureswitha 

for the differentia, operation of the sensor array according to tire present 

The foregoing is illustrative of the present invention and is not to be 
construed as Umiting thereof. Although a few exemplary embodiments of tins 

0 ^ymodfficationsarepossib.emtheexempla^^^ 

departing from the novel things and advantages oftitis invention. Accordmgly, 
a!, such modifications are intended to be included within the scope of tins 
iaventionasdefinedmthecla^^ 

.obcunderstoodmatuteforegoingisillustrative of the present inventton and ,s no, 
,„ be consfrued as limited to the specific embodiments disclosed, and mat 
modifications to the disclosed embodiments, as well as other embodiments, are 

20 definedbymefollov.ngclaims.wimequivalentsofmec^stobeincluded 



therein. 
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